Postoperative fever is a common complication after benign gynecologic surgery with a reported incidence of 30% to 40%. 1 In 1968 Roe 2 identified the causes of postsurgical fever and catalogued them as: pneumonia, wound infection, drug reaction, dehydration, blood transfusion reaction, malignancy, atelectasis, phlebitis, abscess formation, urinary tract infection, and ''benign postoperative fever. '' Fever is activated by circulating pyrogens that are triggered by infectious or noninfectious causes. Pyrogens can be exogenous (ie, endotoxin produced by Gram-negative bacteria) and endogenous (mainly cytokines). 3 It has been demonstrated that during abdominal surgery there is an increase in circulating interleukin 6 (IL-6) and that these levels correlate logarithmically with postoperative peak body temperature. 4 In gynecology, the incidence of postoperative fever attributed to a noninfectious process ranges between 50% and 92%. 5, 6 Often, a series of tests to identify the source of fever are performed, such as blood culture, urine culture, chest roentgen, urine analysis, and computed tomography. 1 However, the usefulness and cost-effectiveness of a routine workup has never been demonstrated. [6] [7] [8] [9] [10] [11] [12] We performed a retrospective study to evaluate the usefulness of a postoperative fever workup in patients undergoing benign gynecologic procedures.
Material and methods
We conducted a retrospective review of patients who underwent benign gynecologic procedures at the University of Miami Jackson Memorial Hospital and Sylvester Comprehensive Cancer Center in the Division of Gynecologic Onocology after approval was obtained by the Institutional Review Board. Patients who had undergone a gynecologic procedure at our hospital between September 1994 and October 2000 were identified in a divisional database. All hospital charts were reviewed, and only patients who met the criteria of having postoperative fever were included and analyzed.
All cases that involved additional intraoperative procedures that would increase postoperative febrile morbidity, such as intestinal surgery, concomitant intra-abdominal infection (ie, tubo-ovarian abscess), or oncologic procedures, were excluded from the analysis.
We included all patients who underwent gynecologic procedures such as an abdominal hysterectomy with or without bilateral salpingo-oophorectomy, unilateral or bilateral salpingo-ophorectomy, or ovarian cystectomy. These patients had to meet our criteria of a postoperative fever. Fever was defined as 1 temperature of equal to or greater than 101.5 degrees or 2 temperatures of equal to or greater than 100.4 degrees, at least 6 hours apart within a 24-hour period as defined in the Washington Manual. 13 We chose the time interval of 4 hours between temperature elevations to define fever because at our institution, vital signs are checked every 4 hours, making it impossible to do a retrospective chart review with fever criteria including 2 temperatures 6 hours apart. All patients who developed fever within the first 24 hours after surgery were excluded from our study.
Information was abstracted from both hospital and clinic records. Data collected included age, BMI, medical history, operative procedure, intraoperative and postoperative complications, preoperative and postoperative antibiotic use, febrile morbidity, and extent of fever workup. All patients in our study had fever develop and underwent a workup of fever after evaluation by history and physical examination. The fever workup included all or in part a urine analysis, urine culture, blood culture, chest roentgen (CXR), and a computed tomography scan or ultrasound that were analyzed.
This cohort of patients was divided into 2 groups to compare and assess the frequency and yield of a fever workup: the noninfectious group (NIF group), those who did not have any physical examination, laboratory tests, or imaging studies indicative of infection, and the infectious group (IF group), those who did have a physical examination, laboratory tests, or imaging studies indicative of infection. Furthermore, we evaluated whether postoperative white blood cell count (WBC), change in postoperative from preoperative WBC count, number of days febrile, the day on which the maximum temperature developed, or the degree of maximum temperature could predict the presence of infection.
Statistical analysis
Data analysis techniques included 2-sample t tests for the comparison of the 2 groups for variables with normal or approximately normal distribution. Wilcoxon rank sum test was used to analyze variables with a skewed distribution, and a c 2 test allowed for comparison of proportions. Multivariate logistic regression assessed the risk of infection. All results with a probability value of less than .05 were considered statistically significant.
Results
A total of 505 patients were reviewed who had undergone gynecologic surgery for a benign condition at our institution. A total of 147 (30%) of the patients who received a diagnosis of febrile morbidity and met the fever criteria as described previously were divided into the NIF group making up 63% (n = 92) and the IF group making up 37% (n = 55) of all the patients. Demographic characteristics are reported in Table I . Both the NIF group and the IF group did not differ with respect to age, parity, previous medical problems, or preoperative antibiotics administered. The IF group was found to be significantly overweight with a mean BMI of 31.7 (P = .019). The majority of women in this study (94%) received preoperative antibiotics consisting of a second generation cephalosporin, or clindamycin if they were penicillin allergic. More than 100 patients received mefoxin 2 gm intravenously, with or without flagyl 500 mg intravenously. Unasyn, ampicillin, gentamicin, vibramycin, and doxycycline were also used, but not as frequently. There was no statistically significant difference between the 2 groups with respect to postoperative antibiotics administered. The average length of stay at the hospital for all patients was 4.4 days and was found to be significantly longer for the IF group with a mean hospital stay of 5.3 days (P = .001). When evaluating all patients for febrile morbidity, the most common postoperative complications were urinary tract infection diagnosed by urine culture and wound complications, both occurring in about 1 of 5 patients (Table  II) . Wound complications include all incisions diagnosed with seromas, hematomas, abscess, wound cellulitis, or dehiscence. Table III reports the frequency of the various laboratory and imaging studies ordered by the physician in patients who had fever diagnosed. The most common laboratory tests ordered were urine analysis (59%) and urine culture (65%). Criteria used for a positive urine analysis were abstracted from the Washington Manual and included a minimum of 8 WBC and 1C bacteria and at most 1 to 5 epithelial cells. 13 The majority of both urine analyses and cultures performed yielded a negative result, 84% and 81%, respectively. Urine cultures were positive in 19% of the all women tested. Positive urine cultures grew Enterococcus faecalis in more than 50% of cultures. Other common organisms included Escherichia coli, and Enterobacter cloacae. Interestingly, among all 18 positive urine cultures, the positive predictive value of a urine analysis is 0. CXR was performed in approximately one third of all women in this study cohort and was found to be negative 86% of the time. Blood cultures were obtained in 21% of all the patients with fever and were negative in 90% of cases.
When analyzing for potential predictors of postoperative febrile morbidity, we found no statistically significant differences in either the NIF or the IF group with respect to preoperative WBC count, postoperative WBC count, and change in preoperative and postoperative WBC count on the day of fever (Table IV) . The average WBC count on the day that fever was diagnosed was 11.0 versus 10.7 cell per 10 ! 3, NIF versus IF group, respectively. Univariate analysis demonstrated a significant difference with respect to the number of days of fever (mean 1.84 vs 2.92), postoperative day on which the maximum temperature (T max ) developed (1.42 vs 2.16), and the highest maximum temperature (101.1 vs 101.5) (P ! .05) between 
Comment
Postoperative fever, a common complication after surgery, has sparked much discussion and led to many evaluations of the patient to uncover its cause. According to the classic teachings of Droegemueller, 25% of women after abdominal hysterectomy and 35% of women after vaginal hysterectomy exhibit febrile morbidity. About 20% of these fevers have an infectious cause, whereas 80% are related to noninfectious causes. 14 Postoperative fever may increase length of hospital stay, exposure to antibiotics, and medical care costs. Many authors have hypothesized various causes for fever. These include the release of cytokines from macrophages in traumatized tissue. The pyrogenic and proinflammatory cytokine, IL-1, is a crucial factor in the febrile response to injured tissue and in infection. Tumor necrosis factor-a, IL-6, and interferon-gamma are also proinflammatory. 15, 16 A number of authors have attributed the incidence of fever to different risk factors, such as length of operative time, no preoperative antibiotics, estimated blood loss, weight, concurrent medical problems, and parity. Shackelford et al, 17 in their review of vaginal hysterectomies, found that there was a statistically significant difference between infectious and noninfectious patients, with noninfectious patients weighing more and infectious patients having a higher parity and increased length of hospital stay. In our study, when we compared infectious versus noninfectious patients, we found no difference between age, parity, and concurrent medical problems. We did find a statistically significant difference for BMI, the IF group having a greater BMI. We also found that the IF group had longer hospital stays. In agreement with other studies, we found a statistically significant difference with respect to preoperative antibiotics, with a higher percentage in the NIF group (Table I) . The most common antibiotic given preoperatively was mefoxin, given in 73% of patients. Other less common antibiotics used include flagyl, unasyn, ampicillin, gentamicin, vibramycin, and doxycyline. One reason why an increased BMI may lead to more infection may be that an increase in adipose tissue leads to more potential fat necrosis, increased dead space in the subcutaneous tissue, and a glucose-rich environment resulting in more potential wound complications. The infectious population also had increased hospital stays, which may reflect the extended period these patients remained febrile while infectious.
In their retrospective article, Fanning et al 6 reviewed the frequency and yield of postoperative fever evaluation. They examined the roles of blood culture, urine culture, and CXR in the fever evaluation. They found an equal number of positive urine cultures among patients who did and did not have other associated signs of febrile morbidity. In their 2 groups, they found no positive blood cultures in either group and an equal number of women with pneumonia seen on CXR.
Freischlag et al 18 conducted retrospective study of fever evaluation in patients undergoing major abdominal operations. The fever evaluation included, but was not limited to, complete blood count, urine culture, CXR, and blood cultures. They found only 18.3% of all tests performed to be positive. Eighty-six percent of patients had a urine culture performed, but only 10% of the tests were positive. Although 75% of patients had a CXR, only 2% of CXRs were positive. Again, of 60% of patients who had blood cultures performed, only 5% were positive. 18 In another study, Lyon et al 19 reviewed postoperative febrile morbidity, looking at urine culture, CXR, and WBC count as part of the fever workup. They found a low yield in their fever workup as well, with 9% of urine cultures being positive, 12.5% of CXRs being positive, and 22% of patients having WBC greater than 12,000.
In our review, the most commonly ordered tests were urine culture (65%) and urine analysis (59%) ( Table  III) . Although both urine culture and urine analysis were used often in evaluating fever, only 18.8% and 16.5%, respectively, were found to be positive. These figures are slightly higher than those published in other similar studies. No women with a positive urine culture had a positive urine analysis. When looking at patients with positive urine analyses, not one had a positive urine culture. There was no correlation found between a positive urine culture and a positive urine analysis, posing that urine analyses are of limited use in assessing febrile morbidity. Postoperative catheter manipulation and intraoperative bladder injury and manipulation may contaminate urine analyses. Most studies do not comment on the use of urine analyses (Table III) . Blood cultures are included in the fever workup, although less commonly than urine cultures. In our study, the number of positive blood cultures was low (9.7%) when compared with other studies. This is despite 21% of febrile patients with blood cultures drawn. Swisher et al 12 looked at blood cultures after abdominal and vaginal hysterectomies, and found 97% of cultures to be negative. Their work emphasized the need to rely on clinical history and physical examination prior to including blood cultures as part of the routine fever workup. Numerous other studies also expressed the low yield obtained by performing blood cultures, 6, 11, 18 increasing the cost of care while adding little or no additional information about the source of infection. CXRs were performed in roughly a third of women, with 86% of these studies negative. This is comparable to other studies. 6, 18 Ultrasound has been used in the evaluation of postoperative fever. In our study, ultrasound had a 28.6% yield for collection. Although this is the case, prior studies have demonstrated that lack of clinical significance of this finding. Antonelli et al 20 performed a prospective study to evaluate collection in patients undergoing hysterectomy and cesarean section. They found after hysterectomy, 44% of patients had a collection. Although the incidence may have been high, no significant association was found between the presence of a pelvic collection and febrile morbidity.
When looking at predictors of febrile morbidity, univariate analysis was performed. There was no statistically significant difference between the 2 groups with respect to preoperative WBC count, postoperative WBC count the day the patient became febrile, or in the change in WBC count. The number of days febrile was longer in the IF group; this difference was statistically significant (2.94 vs 1.84 days, P = .008. A statistically significant difference was also found with respect to the day the maximum temperature was reached. The IF group reached maximum temperatures on a later day and their maximum temperature was higher (Table IV) .
When multivariate analysis was performed, these variables still had statistical significance. In an attempt to predict infectious cause of all patients with fever, we have found that if the patient is febrile longer than the fifth day postoperatively, 60% of those patients will then have an infectious cause. We would propose that this would be the ideal time to perform blood cultures in effort to diagnose infection. On postoperative day 1, 80% of patients had a noninfectious fever. When the maximum temperature was 102(F or greater, 58.3% of patients were infectious. Although this is true, when the maximum temperature was low grade, 76.3% of patients had a noninfectious cause. Although we did find that the day of maximum temperature is statistically significant, it is of no clinical significance. As a maximum temperature can only be determined retrospectively, after the patient defervesces, its clinical use as a predictor of infection is likely minimal.
In conclusion, the extensive fever workup is not frequently positive, although frequently performed. Its use and cost-effectiveness should be questioned. There are certain scenarios in which an extensive fever workup is warranted, although many physicians do not discriminate between patients. Often, all patients meeting fever criteria are evaluated in the same fashion. Those patients who are at increased risk for infection, such as overweight patients and those who spike a fever later on in their postoperative course, should be considered for an extensive fever workup only if a physical examination fails to discover the source of infection. We emphasize that physicians rely on clinical history and physical examination as a guide to tailor the fever workup to the individual patient.
